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Abstract. The aim of the present work is to predict the Sicilian potential biogas production, using the above raw 
materials. The statistical data about OFMSW, the number of animals bred on medium and large farms and the 
amounts of by-products of food processing industries have been evaluated, in order to compute the potential 
biogas production and energy in the nine provinces of Sicily. In Sicily (Italy) 5.05 million inhabitants (2012), 
living in nine provinces, could produce 0.8 million tons of the Organic Fraction of Municipal Solid Waste 
(OFMSW) per year. At present only 0.07 million tons (3.17 % ca. of MSW) are actually treated (2010). This 
fraction would be one of the raw materials inside the mixture usable for biogas production, in a region where no 
co-digestion plant is nowadays available. About 1.7 million tons of animal manure might be used for biogas 
generation on medium and big farms. From food industry about 350 thousand tons of organic by-products for 
anaerobic digestion and biogas production might be collected. The total potential of biogas production in Sicily 
is 156.9 millions of m3 that is equal to 941.4 GWh of energy per year. Contribution from animal manure is 402 
GWh, from OFMSW – 303 GWh and food industry – 236 GWh. The best possibilities for biogas production are 
in the provinces of Palermo, Messina and Ragusa, having a potential energy production of 177 GWh, 133.2 
GWh and 132 GWh, respectively. 
Keywords: biogas, co-digestion, organic fraction of municipal solid waste, animal manure, food industry by-
products, energy production 
Introduction 
The biogas produced in a reactor at the end of an anaerobic digestion process can be used for 
producing electric and/or thermal energy, in order to contribute to replace fossil-oil based energy 
sources with renewable ones. Instead the other product of anaerobic digestion (digested substrate) is 
generally separated into a solid and a liquid fraction. The solid fraction can be used as organic 
substrate for greenhouse cultivation, while, according to the EU Nitrate-Directive (91/676/EEC 
nitrate) [1], the liquid fraction can be spread on soils as an organic fertiliser, if its chemical 
composition is suitable for plant nutrition. This organic fertilizer can be accurately dosed, in order to 
partly replace and, therefore, minimize the rates of nitrogen mineral fertilizers to be applied. 
In Sicily (Italy) 5.05 million inhabitants [2], living in nine provinces, produce 2.15 million tons of 
Municipal Solid Waste per year, of which 30 % (0.8 million tons ca.) could represent the Organic 
Fraction (OFMSW), at present only 0.07 million tons of OFMSW (3.17 % ca. of MSW) are treated 
(according to the Department of Water and Wastes of Sicilian Region, 2010) [3]. This fraction would 
be one of the raw materials inside the mixture usable for biogas production, in a region where no co-
digestion plant is nowadays available. In fact, until now, only one biogas plant using MSW is 
operating in Sicily, at the landfill of Palermo municipality [4]. Moreover, in Sicily the manure 
produced on medium and large animal husbandry farms (breeding cows, pigs, poultry etc.) and the by-
products of food processing industries (e.g., pomace from olive oil mills and grape marc from 
wineries) would constitute the mixture usable for biogas production [5].  
If a mixture of OFMSW, animal manure and food industry by-products, eventually together with 
herbaceous energy plants and other raw materials, will be used for biogas production, the biogas yield 
can be increased [5]. Moreover, the digestate can be accurately dosed and integrated in a fertilisation 
plan, in order to reduce the application of additional mineral nitrogen fertilizers [6]. Anaerobic 
digestion results also in a significant reduction of bad smells (up to 80 %) and in a positive change in 
the composition of odours [6]. Investigations and practical experience show that mixtures of industrial 
organic wastes with agricultural production ones or plant biomass determine the following benefits: to 
improve the process of anaerobic digestion, so that the digestate can be enriched with various 
compounds having properties more suitable for plant fertilization; to increase the biogas yield and, 
therefore, the biogas plant profitability [7; 8]. 
In addition, after the anaerobic co-digestion it will be possible to minimise the problems related to 
the collection of some wastes (e.g. OFMSW, animal manure, sewage sludge, wastes of slaughter 
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houses), i.e., bad smell (due to the concentration of proteins and sulphuric compounds, that become 
lower after anaerobic digestion) and high concentration of nitrogen. 
Furthermore, the anaerobic digestion process is able to inactivate weed seeds, bacteria (e.g., 
Salmonella spp., Escherichia coli, Listeria spp.), viruses, fungi and other parasites in the feedstock [9; 
10]. Thus, it will be possible to promote the building of co-digestion plants in Sicily, also to contribute 
to reduce CO2 emissions and, therefore, global warming. 
The aim of the present work is to predict the Sicilian potential biogas production, using the above 
unmarketable raw materials. 
Materials and methods 
The statistical data about OFMSW, the number of animals bred on medium and large farms and 
the amounts of by-products of food industries have been evaluated in this study, in order to compute 
the potential biogas production, both in terms of biogas volume and energy, in the nine provinces of 
Sicily. 
The potential biogas production from OFMSW (BOFMSW) has been determined according to the 
equation (1), based on the specific biogas yield (bw) [11] of this fraction mass unit and the produced 
mass during a year: 
 wwOFMSW mbB ⋅=    (1) 
where  bw – specific biogas yield of OFMSW, m3· t-1; 
 mw – mass of OFMSW, t. 
The annual potential energy production from OFMSW (EOFMSW) can be determined according to 
the following equation: 
  bOFMSWOFMSW eBE ⋅=  (2) 
where  BOFMSW – potential biogas production from OFMSW, m3; 
eb – energetic value of biogas, depending on the concentration of methane in biogas, 
kWh·m-3. 
In order to find the potential biogas production from OFMSW, only the 40 % of the organic 
fraction of municipal solid waste produced and collected in Sicily was considered to be used for 
biogas co-digestion production. 
The mass of manure produced by each animal type has been computed considering the mass of 
manure produced by each animal type unit [12] and the number of animals (cows, pigs and poultry). 
The number of cows, pigs and poultry was derived from the 5th and the 6th General Census of 
Agriculture (2001 and 2011, respectively) [13; 14]. 
The potential biogas production (Bm) from animal manure has been determined according to the 
equation (3), based on the specific biogas yield (bm) of manure mass unit [12] and the manure mass 
(mm) of each animal type: 
  mmm mbB ⋅=    (3) 
In order to compute the potential biogas production from manure, only the manure produced and 
collected on medium and large farms (having a minimum number of 50 cows or 100 pigs or 1000 
poultry units) was considered to be used for biogas co-digestion production. 
The annual potential energy production from animal manure Em can be determined according to 
the following equation: 
  bmm eBE ⋅=    (4) 
where Bm – potential biogas production from manure, m3; 
The potential biogas production (Bb) from the by-products of food processing industries (e.g., 
pomace from olive oil mills, grape marc from wine making plants) has been computed using the 
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equation (5), based on the specific biogas yield (bm) [5] of each by-product type and the related mass 
(mb) [13]: 
 bbb mbB ⋅=    (5) 
The annual potential energy production from the by-products of food processing industries (Bb) 
can be determined according to the following equation: 
  bbb eBE ⋅=   (6) 
Results and discussion 
The total mass of OFMSW, the potential biogas and energy production from this fraction, the 
manure produced on medium and large animal husbandry farms and the by-products of food 
processing industries, both in the nine provinces of Sicily and in the whole region, are presented in 
Table 1.  
More than 315 thousand tons of Municipal Solid Waste per year might be dedicated for biogas. 
About 1.7 million tons of animal manure might be used for biogas generation on medium and big 
farms. About 350 thousand tons of organic by-products might be collected from food industry for 
anaerobic digestion and biogas production. 
The highest potential biogas production from this mixture is in the provinces of Palermo (29.5 
millions of m3, equal to 177 GWh per year), Messina (22.2 millions of m3, equal to 133.2 GWh per 
year) and Ragusa (22 millions of m3, equal to 132 GWh per year). 
Table 1 
Sicilian potential biogas and energy production from OFMSW,  
animal manure and food industry by-products 
Organic wastes 
OFMSW Animal manure Food industry by-products 
Mass Biogas Energy Mass Biogas Energy Mass Biogas Energy 
Provinces 
103 t·y-1 106 m3 GWh 103 t·y-1 106 m3 GWh 103 t·y-1 106 m3 GWh 
Agrigento 26.6 4.3 25.8 57.6 1.2 7.2 47.4 5.0 30.0 
Caltanissetta 15.4 2.5 15.0 25.8 1.4 8.4 22.1 2.6 15.6 
Catania 75.0 12.0 72.0 180.6 5.1 30.6 31.6 3.0 18.0 
Enna 8.6 1.4 8.4 46.2 11.7 70.2 12.7 1.2 7.2 
Messina 40.6 6.5 39.0 148.3 14.2 85.2 15.5 1.5 9.0 
Palermo 82.1 13.1 78.6 146.6 8.7 52.2 67.6 7.7 46.2 
Ragusa 16.4 2.6 15.6 850.5 18.0 108.0 13.2 1.4 8.4 
Siracusa 25.1 4.0 24.0 197.6 5.9 35.4 16.4 1.6 9.6 
Trapani 25.5 4.1 24.6 74.8 0.8 4.8 124.0 15.4 92.4 
SICILY 315.3 50.5 303.0 1728.0 67.0 402.0 350.2 39.4 236.4 
The potential energy production from OFMSW, animal manure and food industry by-products, 
both in the nine provinces of the region and in Sicily, are presented in Figures 1 and 2, respectively. 
The highest potential energy production from OFMSW is in the province of Palermo due to a 
greater number of inhabitants and a more efficient separate waste collection, whereas from food 
industry by-products it is in the province of Trapani, due to a highest number of food processing 
industries, as shown in Figure 1. Furthermore, the highest potential energy production from manure is 
in the province of Ragusa, because of a more intensive animal husbandry. 
The potential energy production in Sicily from OFMSW is 303 GWh, from animal manure it is 
402 GWh, from food industry by-products it is 236.4 GWh. 
The anaerobic digestion of the mixture studied in this work (constituted by OFMSW, animal 
manure and food industry by-products) would produce 156.9 million m3 of biogas, that are equal to 
941.4 GWh per year. 
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Fig. 1. Potential energy production from biogas in the nine provinces of Sicily (GWh) 
This mixture, expressed both in terms of biogas volume and energy, is mainly constituted by 
animal manure (43 %) but also by OFMSW (32 %), and for the remaining part by food industry by-
products (25 %), as shown in Figure 2. 
 
Fig. 2. Potential energy production from OFMSW, animal manure and  
food industry by-products (GWh) 
Conclusions 
1. The calculated mass of OFMSW, manure and food by-products in Sicily is 315.3 kt, 1728.0 kt 
and 350.2 kt respectively. 
2. The potential biogas production from OFMSW, animal manure and food industry by-products in 
Sicily is 50.5, 67 and 39.4 million m3 of biogas respectively. 
3. The total potential biogas production in Sicily is 156.9 million m3 of biogas, which is equal to 
941.4 GWh per year. 
4. The best possibilities for biogas production are in the provinces of Palermo, Messina and Ragusa, 
having a potential energy production of 177 GWh, 133.2 GWh and 132 GWh, respectively. 
ENGINEERING FOR RURAL DEVELOPMENT Jelgava, 24.-25.05.2012. 
559 
Acknowledgements 
The authors acknowledge Dr. Silvia Coscienza, Head of the 5th Office, Observatory on Wastes of 
Sicilian Region, and Francesco Ribaudo, Mayor of the Municipality of Marineo (Palermo), for their 
collaboration to data collection. 
References 
1. European Commission, Council Directive, 91/676/EEC concerning the protection of water against 
pollution caused by nitrates from agricultural sources, Official Journal of the European 
Communities 12 (1991), pp. 1-8. 
2. ISTAT - National Institute of Statistics (2012). We Italy, 100 statistics to understand the country 
in which we live. 13 p. 
3. Sicilian Region (2010). Department of Water and Wastes. 
4. Sicilian Region (2012). Department of Energy. 2011 Energy Report. Energy data in Sicily. 122 p. 
5. Piccinini, S., Bonazzi, G., Fabbri, C., Sassi, D., Schiff, M., Soldano, M., Verzellesi, F. (C.R.P.A. 
Animal Production Research Centre), Berton, M. (A.I.E.L. Italian Association Agro-Forestry 
Energies) (2008). Energy from biogas produced from livestock manure, dedicated biomass and 
wastes. Funded by the Autonomous Region Friuli Venezia Giulia, Rural Development 
Programme 2007-2013. 21 p. 
6. Weiland, P. Biogas production: current state and perspectives, 2010. Applied Microbiology and 
Biotechnology, Vol. 85, pp. 849-860. 
7. Navickas K., Župerka V., Venslauskas K. (2004). Biodujų gamyba iš organinių atliekų ir 
kultūrinių augalų. Šilumos energetika ir technologijos, KTU, pp. 277-282. 
8. Navickas K., Venslauskas K., Župerka V. (2005). Pieno produktų gamybos atliekų anaerobinis 
perdirbimas. Žmogaus ir gamtos sauga. LŽŪU, pp. 46-48. 
9. Sahlström, L. (2003). A review of survival of pathogenic bacteria in organic waste used in biogas 
plants. Bioresource Technology, Vol. 87, pp. 161-166. 
10. Strauch, D., Philipp, W. (2000). Hygieneaspekte der biologischen Abfallbehandlung und –
verwertung. In: Bidlingmaier W (ed) Biologische Abfallbehandlung. Eugen Ulmer, Stuttgart, pp 
155–208. 
11. Bolzonella, D., Pavan, P., Mace, S., Cecchi, F. (2006). Dry anaerobic digestion of differently 
sorted organic municipal solid waste: a full-scale experience. Water Science & Technology, Vol. 
53, No 8, pp. 23-32. 
12. Navickas, K., Venslauskas, K., Zuperka, V. (2009). Potential and possibilities of biogas 
production from agricultural raw materials in Lithuania, Rural Development 2009. Lithuanian 
University of Agriculture. - pp. 365-369. 
13. ISTAT - National Institute of Statistics (2001). 5th General Census of Agriculture. Sicilian 
Region. 
14. ISTAT - National Institute of Statistics (2011). 6th General Census of Agriculture. Sicilian 
Region. 
15. Cioffi, A. (2009). Survey indices of relationship between agricultural production and associated 
residual biomass, market analysis of residual biomass regions in the provinces of Molise, 
Campania, Puglia, Basilicata, Calabria, Sicily and Sardinia. Report RSE/2009/50 (Research 
Electrical System). Ministry of Economic Development and ENEA - National Agency for New 
Technologies, Energy and the Environment. - pp. 35-45. 
 
